mY.17.2004 9:46Pn CPNTOR COLBURN LLP 860-286-0115 



NO, 335 P. 2 






(12) 



(43) Date of publication: 

13,09.2000 Pulletin 2000/37 



European Patent Office * « « n 

Hi> EP 1 035 608 A2 

omoeeurop^endes brevets (iD en i w^^ wwi.. 

EUROPEAN PATENT APPLICATION 

(51) Intci7: HOI WI 8/02. H01M8/10 




(84) De^lciimtQd Contracting States 
MCNLPTSE 

Designated Extension Slates: 
AULTLYMKROSI 

(30) Priority: 09.02.1999 JP 3104099 

(71) Appncant: 

Ntfishlnbo Industries, Inc, 
Chuo-ku, tokyo 103-B650 (JP) 

(72) Inventors: 

• SaltOf Kazuo, 
c/o m&shlnbo Industries, Ino- 
Ad9Chi-ku, Ttokyo 123^5 (JP) 



. Haglwara, AtsushI, 
c/o Nlsstiint)o Industries, Inc. 
Adachi-ku, Tbkyo 123-0843 (JP) 
- ^m^moto, Seljl, 
do Nisshtnbo industries, 1nc« 
Ada(^i-ku, Tokyo 123-0S43 (JP) 

(74) Representative: 

ZInnecker, ArmIn, DlpL-ing. ©tel 
torenz-SetdleroGesselr 
Wldenmeyerstrasse fifl 
B053&M0nd)en(DE) 



(64) Separator for fuel cell and solid polymer type fuel cell using said separator 

(57) A separator tor fuel cell, qomprising 



a conductive core part composed of a metal mate* 
rial or q metat composite malarial, 
a conductive adhesive layer covering the conduc- 
tive core partr and 

a conductive akin part formed on the conductive 
adhesive layer, 



wherein the conductive core part end tfie conduc- 
tive skin part are bonded via the conductive adhe- 
sive iayer^ 



"me separator for fuel cell alleviates the problems of 
tiie prior art, and has euff Icient strength and gas non- 
pcrmeabilHy even when made in a Ihin sheet 
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Description 

Background of tiie Invenfion 
; i.Field of the Invention 

roooir Thepresent invention relates to a Bepaiator for fuel call. More particularly, the Pr^errtinwrrtlon relates to a 
separator tor fuel cell which has sufficient strength and gas nonH:ermeabnity even when made m a thin sheet. 

0 2, Description of the Prior Art 

roODZ] Fuel cell separators are generally a flat sheet having a plurality of paraBel graovas on one or both sides and 
have a role of (1) transmitting the eleotilcHy generated in the gas-diffusing electrode of fuel cell, to outside and also (2) 

B saass fbr reacstant aas flowing Into the fuel cell. 

[0003] AS fuel cells have become lighter and thinner in recant years. It has become necesBary to pradiice Jje sep^ 
arato4 ^eretor In a thinner sheet Howler, the fuel cdl separator produced In & thinner sheet have had low etrength 

ro^oSr SSTtfiSJe the above FOWoms. there were proposed a fuel cell separator which te a molding made of 
10 carbon powder-phenolic resin mbrtur^.metel sheet between wnpresaV© conducnive * them under 

preeeure, and, simultaneously therewith, foritting gas passages by punching (see U.5.P. No. B,527,3&i). 
raoofi] In the fuel cell separator which is a moWnfl made of ^ carbon pouwier-phsnolic resrn mixture^ containing a 
metal meah or a metal pieca In the center, there are the same problems as seen \n conventional separators: tfwrt is, the 
metal mesh or the metal piece tends to paal In the molding owing to the e>aernal fbice (e.Q. Impaot or damping) applied 
!ff mthetlma of aasernblingoffuel cell, resulting in higher conducMty and gas ^ ^ u 

100061 In the fuel call separator obtained by inserting a metal sheet between compressive conductive sheets, bond- 
ing them under pressure, and, simultaneously therewith, forniing gas passages by punching, the condudive shee^^^ 
the mstpl sheet are bonded simply by pressure and the adhesion sfrengtti between them is insufficient: tiierefora, they 
may be saparated from each other when used in hot water. Moreover, since the adhesion between the conductive sheet 
\o and the metal sheet is insufficient, the contact resistance between them is high, and fiie resuffing fuel c©n separator has 
high resistance and shows severe change vrtth time particularly in hot water. 

SLffTvnary of the Invention 

?5 10007] The present Invention intends to alleviate the above-mentioned problems of tfie prior art and provide a sep- 
arator for fuel cell which has sufficient strength and gas impermeability even when made in a thin sheet. 
[0008] According to the present invention, there Is provided a separator for fuel cell, comprising 

a conductive core part composed of a metal material or a metal composite material, 
\o a conductive adhesive layer covering Hie conductive core part and 
a conductive eWn part formed on the conductive adhesivs layer, 

wherein *ie conducive core part and the conductive sWn part are bonded via the conductive adhesive layer. 



f5 



Brief Deecription of the Drawings 
[oood] 



Rg, 1 Is a sectlDnal view showing an Qxample of the structure of the fuel cell separator of the present invention. 
Rg 2 is a conceptual view showing an example of the process fbr production of the present fuel cell separator. 
io Fig. 3 is a conceptual view showing an example of the process Ibr production of tiie present fuel cell saparator. 
Fig. 4 Is a conc^tual view showing an example of the process for production of the present fuel cell sepamtor. 

[00101 In Tig. 1. numeral 1 refers to a conductive core part; numeral fi refers to a conductive adhesh/e layer; 
numeral 3 refers to a conductive sWn part; and numeral 4 ref^ to a passage for reactant gas. 
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Detailed Description of the Invention 

[D011] TUfi presem invention is her^nafter doKHibed in detelh 
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Lehthatha8pa89ageB4torrcaotam8a9«theu^ld^Mwj^^^^ reoresented by titanium, aluminum, stainless 

athickneMofeboutS|jmto3mm,R6Bho»minHg.l.asnape<»™spoiMiiia -r 

corresponding to fuaJ cdl separator ' „*,tected to a surface treatmfsnt by mechanical grindinfl such as sand- 

[0018] The oaibon pwder acting as ^ ""T"**^!!"^^^^ be mentioned, tor exairvie, natural graptiKe 

j»> used singly or In admixture of two J^ff ""J' fe. example, polyethylene, pdystyrene. polypropylene, ■ 

p)0211 AsthethemwplasBcres^. "rlSSL^^^^ polycarbonate, 

^lymethyl methacrylate. ,P«'y««]^«"«J^^,J*J2*S^^^^^ 

polyoxamethylene, polyamlde, polyimide. P«^^^f ^"Jf^P?^^ fiuomresin, poly- 

Jetherelher telor^e, P«»ly="•ta"«^P'^y**tl,'^";;S?*^^^^ l^STd^^Tp^iBO^ polyallyleulfone. 
;&a^. pMt. SS^o^^rneS p.» i.- They can be used ^.y or ,n 

K^'^irSScanbemen^onedl^^^ 

nibb^. rttrile rubber, nitrlie^hlomprene rubber. *>°"™Sa^;"5-^SSi«T^^ ^ 

Te cSupBve ^^We may contain, as necessary, additives euob as dispersing agent. tNctening agent, 
stabili^r, antitoaming agent and the nks, ^ an^, ,esin can be, tor example, lOO 

10024] In the oDndurfve ^^'^^^^^JX ^ &n) When the p«portion of the rosin is 

Lwlication ofths conduce ^^J^J^Xlt^aSoS as S dft. coating, staying, brush 
ering the ooriduclive core part 1 can be conducted by a wwwn inttoduoad. Inthat etete. into a step 

coaSng. screen F^inUng or me liKe. a drier. The drying 

of bonding wrtth the eonductivB sitfn part 3 described later,^^^^ 
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the llk« As the rnatertalcansliWinglhe conductive 8Wnp8rta,ther«o^^ 

maf ariai containinQ a eaiton powder as a conductive filler and a rwin as a WndBr. 

matSal co^Kuting «,e ccnducBys sWn part 3. the carton pov«lerfle a 
Erestrittion as to the Kind as long as H can impart eonduotivlty. As the caibon powder, there can be menttaned. » 
^l^^lSi merZSd «^ adhesive, for wampJe. natural graphite (e.g. acaly graphite or lumpy g-aphrte). art.- 
SV^^o cartoon blackand Ketien Back. They canbeused «.ngVorln com- 

?S" K,e ;SSS"£ntrtituting the conductive akin part 3. the retin as a binder has "o^cute; rejrijon « 
toSe Wnd as long as it can improve the conductivity arri airenflth of eWn part: As the ream. ^an be me^^^ 
asTn lhe^«:five adhesive, tor a;.arTple, at least one Wnd selected from thamwseltlne resins, thermoplaBtK) resins 

airoholTfiBin eooxv resin celluloae. urea resin, melamine resin, unsaiuiated polyester resin, sHIcone resbi, dlallyi 
SSfreSiSS^^^^ re^a polyan^noWsmaleimide r^n and aromatic polyirrtde resin. They can be 

SSir'/ltli'Xl-^^^ mentioned, tbrexamplc. polyethylene, polystyrene, polypropyl^e. 

LrSllth^i m2^c^lSte^ wl/^^ ter«hthal3ie. polybiAylane terephthalate. pdyethersuHone. polycarbonate. 
SSj^^Sjtill^S p ii^^^^ filoohS, polyvinyl chloride, polyphenyteulfone. pol- 

;SXX&rii,.yethr^tone. polyarylate. ^^^^^^^^T^^^^' 'SSK' 
!swuhar«™i oRter r6sin Ikiuid crystal polyester resin, aromatic poly^ter, polyaoeial, poiywiyiBuitone, 
X^S^. potiJnit piJIhioeUeulfone end pc^yphenylene ether. They can be used sing^ or « 

SSaT* Sl^ e can be mentioned, tor «ampie. f luoron-bber. siifeone rubber, butyl 
ffi. nitrite rS,^nSlJchIo«prene mbber. chlorinated butyl rUhber. ^^^'^^['^'^^J^:^^ 
Xwide nSrfS, ep^chlorohydrin^eihylene oxide-acrylic alyoidyl athe^terpolymer. urethane ritoe . «*yic rubber, ett^ 
;tenriSj5!enr;iJbber. 5Iene ntber. butedier« rubber and natural rubber. They can be used singly or .n admixture 

fom' ""SttielSJterial constituting the conductive skin part 3, the proportions of PSJ^'*^^^^ 
Unbl for example. 100 partsbyweteM (the carton powder)and3to35p^ by 

tlon ol the resin fe amaHer than 3 parts by weight, the conductive sWn part 3 is uneUe to have ^ij J^^fjw^^^^^ 
may be collapsed, for example, by the water formed during power generation of fuel cell. When the P«>P»*Dn of tt» 
re7n b larger than 35 parts by weight, the conductivity required tor the conductive skin part 3 cannot be secured. 
S] ft isVMslwrtoinlegratl the conductive adhesive layer 2 and the conductive sWn part 3 by using the same 
substance for the conductive adhesive and the imatoriaj oonsiStuting the conductive sWn part, 
f [0035] The fuel cell separator of the present invention can be produced by at least three kinds of iTiethodsdv^ 

inc upon how the conductive skin part 3 Is farmed, ju « i. j a-^ 

tM36] h the lirst production method, as shown In Fig. 2, a conductive ekin part 3 is produced beforBliand, and e 
bonded with a conductive core part 1 using a conductive adhesive. In the second production mettiod. as shown In Pig. 
3 a laminate of a conductive core part and a conductive sWn part via a conductive adhesive is placed in a die and 

0 niolded into a separator shape, in the third production method, as shown In J=lg. 4, there are placed, in a die, a conduo- 
S«! a>re part 1 wated with a conductive adhesive and a material for the conductive skin part to be formed on one or 
both sides of the core part, and then molding la conduded. u««»rtQa«. 
roSn In the present invention, as mentioned above, a conducfive core part 1 and a canduchve sWn Part J are 
^ered via a oorSuctiva adhesive layer 8. to obtain a fuel cell separator. In this step as well, « '^^JJ^'P^f*" ^ 

<s used There can be used, tor exanple. die molding, InjecBon molding, extruston molding, roll molding or teostahc mold- 

(00381 The present invention is described In ffwre detail below by way of Examples. 
Examples 1 to 5 

* 10039] There were mixed, in a bail rrtin. so parts by weight of scaly graphite (average particle diameter - ^}^)<f^ 
parts by weight ot acetylene black (average particle diameter c 40 nm) and 38 parts >V w«ghl of a jJ«iol n^n 
whereS a conductive adhesive was produced. As a core part there was used a sta-nless ^J*^^^ 
S SUSaie twcknese = 0.1 rtim. no groove). The abwe conductivB adhesive was spray-coated on the whole surface 
ofthesteelsheetandthendriedteformaconductiveadhesivelayerhavinaathicknesaofM^^ 
SSSl i shown in Fig. a, a raw material mijiure for skin part shown in TSble l was fed Into two same dies tor sep- 
£!SmoldtiScoSsti.^8"t*ribbed half die 
Se^fwSdiM was removed from each die (the ri^^^ 
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oJ the separator. Th« test reBUlls are shown in TSble i . 
Examples 6 to. 10 

are shown InT&bte 1, 
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Example 83 

KUe Shin part molded in a flat shoet ^^J^^'^'^^'^^^^^'t^ oTslpS molding, and bontf.ng 

StrasTn B«mple= 1 to S. The results ar« shov«t in Table 8. 
Exanrtple24 

in E)(amples 1 to 5- The results are shown In "feWe 3. 
Connparative Example 1 

rater hdvino a ihlckneM of 1 .0 mm. In the «me '^^J^^^^t^ ind tSe^^ tha condition aner the teet 

n« as in ©ample 1 , Ttie results ara sho«in in Table 8. 
Comparaiive Example a 

material TDereon was vapor^Jeposrted sold to produce f^^^^^^J^Jf " ^J^^^ tt,en 8ub|ected to 20 tSmea 
I;„er as in 6«mple 1 . the aepa^tor >^ SrthSTe *el^«tor «aa integrated into a 

repaatad compression, and obs«ved tor ^f/^'SJfjf^^'^l^^^^^ fer 600 hourc and 

Mlidpolymer type fuel call ««iJa;j!P'"9 *f .JfJ"^^^^ Jit 0«Son ol 500 hours, tha ftjel call waa 

1hare was measured voltage r^"**"" J^^^lj"'^: 1. Ttia results ara shown m 
dissembled to Observe the condition ol thfi separator, in the same manner as m h 

ss Table iS. 

Comparative Example 3 

dltion of the separator. In the same manner as m cxampie = . ^ 
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Comparative Exampi© 4 



10049, Aoalumlnumsna^havlng a^'^r'J-rr.SSrSsnirmTin,.'^^ 
«, moldiig was made to produce a fuel "^^Sf'^^Sl,' 5^ compression, 
1 the separator was measured for resl5tiv>V andgas ^"^f^^^^}^^ Intoa soM polymer type fuel 

l^obSvid for the condition allerthetesi Brt^e^^^ 

cell and clamping was made; the fuel <2' ^ ^'^'"^ 
voltaea reduction after 500 f^™;, ^^^^^SSe l^e rSte ^ shown in Tibia 3. 
ss the condition of the separator. In the same manner ae in Ewmpie i . i ne resu » « 
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[OOSOl inihefuelcellBeparatorofthepreeentiiwenMon, «^'*"°«Yf~™J»^^ 

£t SfS iui ihe^6 occurs no reducBon in Birangth or gae nonDermeabBity wen when the separaiot .b mad0 .n a 
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■ thin sheet. j^u^^^wnrtiv/eeklnDartai^tiaWy adhered vi^ 

6 Claims 

1. A sep^atorforfuel cell, comprising 

«, 4. A6olidpo.ym.rtyp.Mce«uBlnflaseparatorfprfuelodl«tforthinanyofCI^^ 
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'(64) Separator for iuel cell and solid polymer type ml cell using sold separator 



(57) A separator (or fuel cell , comprising 

B conducllvq core part (1 ) compoaed of a matal ma- 
terial or a metal composite material, 
a oonduclivs adhesive layer (2) covering th© oon- 
duetive core pan, and 

a conductive skin part (3.4). cortolning e.g. caibon 
powder Jomied on the oonduotlve adhesive layer, 



wherein the conductive core part and the conduo- 
tivs 8l«ln part are bonded via the conductive adhe- 
Bh/e layer. ' 

The separator 1or tusl cell allevtatea the problems 
of the prior art, and has suffideni strength and gas non- 
permeabiliiy even when made in a thin sheet A method 
ioT manufacturing the separator Is also djsctosad. 
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